PIST [PDZ (PSD-95, Discs-large and ZO-1) protein interacting specifically with TC10] functions as a regulator of membrane trafficking with Rab6A. Recently, the involvement of the fusion of PIST with ROS1 in cancer development has been identified. In this study, the coiled-coil domain of PIST, which is the domain responsible for interaction with Rab6A and fusion with ROS1, corresponding to amino acids 29-133, was overexpressed in Escherichia coli using engineered C-terminal His tags. The coiled-coil domain of PIST was then purified to homogeneity and crystallized at 293 K. Finally, X-ray diffraction data were collected to a resolution of 4.0 Å from a crystal belonging to the hexagonal space group P6 2 22 or P6 4 22, with unit-cell parameters a = b = 85.19, c = 240.09 Å , = 120.00 .
Introduction
The Ras family of small G proteins that mediate membrane trafficking plays an essential role in protein secretion, biosynthesis, endocytosis, cell differentiation and growth (Macara et al., 1996; Stenmark, 2009 ). Membrane trafficking involves sequestering of the cargo into vesicles, vesicle budding, transport and docking/fusion of vesicles at the final destination (Pfeffer, 1999) . The Rab GTPases, a member of the Ras superfamily of small G proteins, play an important role in regulation of these processes. Rab6A is involved in regulation of membrane trafficking from the Golgi that functions by residing at the membrane of the Golgi apparatus and the trans-Golgi network (TGN) (Antony et al., 1992; Goud et al., 1990; Echard et al., 2000) . A variety of interacting partners of Rab6A have been identified to better understand Rab6A-mediated membrane trafficking and its functions in protein recruitment, membrane dynamics and intracellular transport; vesicular traffic from the Golgi apparatus towards the endoplasmic reticulum has been studied (Echard et al., 1998; Monier et al., 2002; Short et al., 2002; Matanis et al., 2002) .
PIST [PDZ (PSD-95, Discs-large and ZO-1) protein interacting specifically with TC10] was initially identified as a binding partner of Rab6A (Bergbrede et al., 2009 ). This protein is also known as GOPC (Golgi-associated PDZ and coiled-coil motif-containing protein), CAL (CFTR-associated ligand) and FIG (fused in glioblastoma). PIST is ubiquitously expressed in mouse and human tissues and located in the cytoplasm and Golgi apparatus (Neudauer et al., 2001; Charest et al., 2001; Yao et al., 2001; Cheng et al., 2002) . PIST is composed of a tandem coiled-coil domain at the N-terminus and a PDZ domain at the C-terminus ( Fig. 1 ). Biochemical studies have shown that the first coiled-coil domain (CC) in the tandem two coiled-coil domain at the N-terminus of PIST is responsible for interactions with Rab6A (Bergbrede et al., 2009) . Interestingly, recent studies showed that PIST CC is also involved in cancer by fusion with ROS1 (Gu et al., 2011; Birch et al., 2011; Suehara et al., 2012) . Similar to other oncogenic fusion proteins such as EML4-ALK fusion, PIST CC is responsible for the constitutive activation of ROS1 (Charest et al., 2003) .
As a first step towards elucidation of the molecular basis of Rab6A/PIST-complex-mediated membrane trafficking and PIST-ROS1-fusion-mediated cancer development, we overexpressed, purified and crystallized human PIST CC. Overexpressed human PIST CC was purified by affinity chromatography followed by gel-filtration chromatography. Initial PIST CC crystals were obtained in a solution consisting of 15% 2-methyl-2,4-pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.5 (Crystal Screen Lite condition No. 26; Hampton Research). Crystal conditions were further optimized and the maximized crystals were obtained using 18% 2-methyl-2,4-pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.4. The crystals were obtained at 293 K and diffracted to a resolution of 4.0 Å . The crystals belonged to space group P6 2 22 or P6 4 22, with unit-cell parameters a = b = 85.19, c = 240.09 Å , = 120.00 . Details regarding the structure of PIST CC should enable understanding of the assembly and regulation mechanism of PIST during Ras6A-mediated membrane trafficking. In addition, structural information describing PIST CC will help us to understand PIST-ROS1-fusion-mediated cancer.
Materials and methods

Expression and purification
To express N-terminally His-tagged protein, the human PIST corresponding to amino acids 1-81 was amplified by PCR. The PCR product was then digested with the restriction enzymes NdeI and XhoI (Enzynomics, Republic of Korea), after which it was inserted into the pET28a vector which had been cut with the same restriction enzymes.
The plasmid was transformed into BL21 (DE3) Escherichia coli competent cells and its expression was then induced by treating the bacteria with 0.5 mM isopropyl -d-1-thiogalactopyranoside (IPTG) overnight at 293 K. Cells expressing PIST CC were pelleted by centrifugation, resuspended and lysed by sonication in 50 ml lysis buffer (20 mM Tris pH 8.0, 500 mM NaCl, 25 mM imidazole). The lysate was then centrifuged at 16 000 rev min À1 for 30 min at 277 K, after which the supernatant fractions were applied onto a gravity-flow column (Bio-Rad) packed with Ni-NTA affinity resin (Qiagen). The nonspecifically bacterial proteins were subsequently removed from the column using wash buffer (20 mM Tris pH 8.0, 500 mM NaCl, 60 mM imidazole). The N-terminally His-tagged PIST CC was eluted from the column using elution buffer (20 mM Tris buffer pH 8.0, 500 mM NaCl, 250 mM imidazole). The elution fractions were collected on a 0.5 ml scale to 3 ml. Fractions contained more than 99% homogeneous sample based on SDS-PAGE. The collected protein was then applied onto a Superdex 200 gel-filtration column (GE Healthcare) that had been pre-equilibrated with a solution of 20 mM Tris pH 8.0, 500 mM NaCl. PIST CC (molecular weight 9520 Da) eluted at around 18 ml was collected and concentrated to 9 mg ml À1 . A gel-filtration standard (Bio-Rad) containing a mixture of molecular-weight markers, thyroglobulin (670 000 Da), globulin (158 000 Da), ovalbumin (44 000 Da), myoglobulin (17 000 Da) and vitamin B 12 (1350 Da), was used for size calibration. The peak was then confirmed to contain PIST CC by SDS-PAGE. Purified PIST CC contained the N-terminal extra residues LEHHHHHH, which were not removed.
Crystallization
The crystallization conditions were initially screened at 293 K by the hanging-drop vapour-diffusion method using screening kits from Hampton Research (Crystal Screen, Crystal Screen 2, Natrix, MembFac, Index, Crystal Screen Cryo and Crystal Screen Lite) and from the deCODE Biostructures Group (Wizard I, II, III and IV). Initial crystals were grown on the plates by equilibrating a mixture of 1 ml protein solution (9 mg ml À1 protein in 20 mM Tris pH 8.0 and 500 mM NaCl) and 1 ml reservoir solution consisting of 15% 2-methyl-2,4-pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.5 against 0.4 ml reservoir solution. Crystallization was further optimized by searching over a range of concentrations of proteins and precipitants. Crystals appeared within 4 weeks and grew to maximum dimensions of 0.1 Â 0.1 Â 0.1 mm using 18% 2-methyl-2,4-pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.4 (Fig. 2) . The crystals diffracted to a resolution of 4.0 Å .
Crystallographic data collection
For data collection, the crystals were transiently soaked in a solution corresponding to the reservoir solution supplemented with a final concentration of 30%(v/v) glycerol. The soaked crystals were then flash-cooled in liquid nitrogen at 110 K. A 4.0 Å native diffraction data set was collected on beamline 5C (SB II) of the Pohang Accelerator Laboratory (PAL), Republic of Korea (Fig. 3) . The data sets were indexed and processed using HKL-2000 (Otwinoski & Minor, 1997 . The data-collection statistics are summarized in Table 1 .
Results and discussion
The molecular basis of assembly and the regulating mechanism of PIST onto Rab6A during membrane trafficking is unknown, as is the molecular basis of PIST-ROS1-fusion-mediated cancer development.
To obtain a better understanding of these processes, we overexpressed, purified and crystallized PIST coiled-coil domain (CC), which is responsible for interaction with Rab6A and fusion with ROS1.
His-tag affinity chromatography followed by gel-filtration chromatography produced more than 99% pure PIST CC and no contaminating bands were observed upon SDS-PAGE analysis. The calculated monomeric molecular weight of PIST CC including the N-terminal His tag was 9520 Da and it eluted at approximately 18 kDa, suggesting that it may exist as a dimer in solution.
Initial crystals were grown on the plates by equilibrating a mixture of 1 ml protein solution (9 mg ml À1 protein in 20 mM Tris pH 8.0, 500 mM NaCl) and 1 ml reservoir solution consisting of 15% 2methyl-2,4-pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.5 against 0.4 ml reservoir solution. Optimization of the crystallization conditions using a range of concentrations of protein and precipitant led to better crystals for diffraction (Fig. 2) . The optimized crystals were grown using 18% 2-methyl-2,4pentanediol, 0.2 M sodium citrate (tribasic dihydrate), 0.1 M HEPES pH 7.4 to dimensions of 0.1 Â 0.1 Â 0.1 mm in 4 weeks and diffracted to 4.0 Å resolution (Fig. 3) . The crystals were obtained at 293 K and were found to belong to space group P6 2 22 or P6 4 22, with unit-cell parameters a = b = 85.19, c = 240.09 Å , = 120.00 . The diffraction data statistics are shown in Table 1 . Assuming the presence of six molecules in the crystallographic asymmetric unit, the Matthews coefficient (V M ) was calculated to be 2.22 Å 3 Da À1 , which corresponds to a solvent content of 44.56% (Matthews, 1968) . The molecular-replacement phasing method was conducting using Phaser (McCoy et al., 2007) , and several coiled-coil structures including ROCK I (PDB entry 3o0z; Tu et al., 2011) , Beclin1 (PDB entry 3q8t; Li et al., 2012) and Rho-kinase (PDB entry 1uix; Shimizu et al., 2003) were used as the search model. The sequence identities between PIST CC and the searching models are 20.7% with ROCK1 CC, 18.2% with Beclin1 and 16.2% with Rho-kinase. 
Figure 3
Diffraction image (1 oscillation) of a PIST CC crystal with a 4.0 Å resolution limit.
